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BOTANY

THE INFLUENCE OF SOIL ON GERMINATION OF
FUNGUS SPORES'
ROY D. WILCOXSON
University of Minnesota, St. Paul

Soil prevents spores of many fungi from germinating, according to
reports from different parts of the world. Thus Welsh soils were reported to be fungistatic to several fungi (Dobbs, 1953). Jackson
(1958) made a similar report about Nigerian soils. In Minnesota
Fusarium oxysporium f. lini (Bolley) Sny. and Han. persists in soil
devoid of host debris but Helminthosporium sativum P.K.B. does not
(Anwar, 1949). A more thorough study of the influence of Minnesota soils on germination of fungus spores would provide additional
information on ecology of fungi and might suggest control measures
for certain pathogens. Such a study may be readily adapted to the
needs of students working on science projects. The procedures are
simple and the facilities required are readily available in most biology laboratories in high schools and colleges in Minnesota. The
present paper describes the methods and indicates results obtained
from some simple experiments.
MATERIALS AND METHODS: The methods of Jackson (1958) were
modified and used throughout this work. Soil samples were placed in
Petri dishes and brought to about 60% water holding capacity with
sterile water. Sterilized filter paper disks 3 cm. in diameter were then
pressed firmly onto the moist soil. Next, 2% water agar disks 1 cm.
in diameter and about 2 mm. thick were placed on the filter paper.
Spores of the test fungi were placed on the agar disks after the disks
had been in contact with soil 4 to 6 hours. Germination of the spores
was determined 6 to 12 hours after they were placed on the agar
disks. When the spores were examined with the microscope, the agar
disk was placed on a slide. All of the work was done in a room at
about 25° C. One hundred spores were examined in each of 4 replicates of each treatment. Most of the experiments were repeated at
least twice. Checks were set up in an identical manner except that
soil was excluded.
Water agar was prepared by melting 20 grams of agar in 1000 ml.
of distilled water and then autoclaving at about 15 psi. for 20 min' Paper No. 4656 Scientific Journal Series, Minnesota Agricultural Experiment Station,
University of Minnesota. M. D. Harrison, D. M. Noetzel, and V. Stewart each worked on
a different part of the project as outlined in this paper.
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utes. The agar disks were cut after the medium had been poured into
sterile Petri dishes.
Aseptic technique must be used to properly evaluate the effect of
the soil and to prevent erratic germination of spores in the check
treatments. In addition, the agar disks should be in contact with the
soil at least 4 hours before the spores are applied in order to obtain
maximum inhibition of germination.
RESULTS: The effect of different soil samples. It is possible that soil
from different places may influence spore germination differently.
Therefore, soil samples from 7 different parts of Minnesota were
tested, and as shown in Table 1, the soils did vary in their ability to
prevent spore germination of 3 fungi. It was significant that all soils
tested consistently prevented many spores from germinating though
some soils were more efficient at this than were others.
~

TABLE

1. Germination of fungus spores on water agar, in contact with 7

different soils from different parts of Minnesota.
Origin of
Soil

Fusarium
graminearum

Experiment I
Check•
Crookston
East Grand Forks
Rosemount
Greenhouse sand
Experiment II
Check
Field at St. Paul
Univ. Golf Course
Minneapolis
Garden

Percentage Germination of n
Helminthosporium
Chaetomium
sp.
sativum

Average for
the soils

98
15
30
38
82

87
9
7
1
43

48
7
1
2
2

13
14
64

99
55

10

87
27
15

85
12
17

31
14

43

5

5

18

10

•Averages of 400 spores in 4 replicates.
•Spores on water agar not in contact with soil.

The fungi also varied in their sensitivity to the soils. F. graminearum Schw. was least sensitive and Chaetomium sp. most sensitive
while H. sativum Pam., King and Bakke was intermediate. Puccinia
graminis Pers. var. avenae (Eriks. and E. Henn.) Seym. and a species of Alternaria were also tested for spore germination in the soils
used in Experiment l. About 80 per cent of the spores of these 2
fungi germinated on the greenhouse sand but on the other soils only
15 per cent of the spores germinated. About 90 per cent of the spores
germinated in the check treatments.
The effect of sterlizing and adding sucrose to soil. Since all the
soils adversely affected spore germination of the several fungi tested,
it seemed desirable to learn whether various soil treatments would remove the substances responsible. Other workers have reported that
autoclaving soil and adding sugar negates the ability of soil to pre170
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vent spore germination, and so various combinations of these treatments were tried.
Soil from Rosemount, Minnesota, was sterilized by autoclaving 1
hour at 15 psi. on each of 2 days or by fumigation with Dowfume
MC2, a product of the Dow Chemical Company, Midland, Michigan
containing methyl bromide and chloropicrin. Data are shown in
Table 2.
TABLE

2. Germination of fungus spores on water agar in contact with soil
sterilized by fumigation • or autoclaving.

Funguns

Fusarium graminearum
Helminthosporium sativum
Chaetomium sp.
Diplodia maydis
Average

Not Treated

36
16
11

29
23

Percentage Germination•
Fumigation
Autoclaved

75
53
43
50
55

62
70
62
62
64

Check

99
87
85
96
92

• Fumigated with Dowfume MC2. _Autoclaved 1 hour at 15 pounds pressure on 2 different days.
• Averages of 400 spores in 4 replicates.

For each of the 4 fungi studied, spore germination was lowest on
the soil not sterilized. However, the methods of sterilization did not
entirely remove the inhibitors from the soil, for germination in the
check was almost 2 times greater than when the soil was sterilized.
The fact that sterilization did not entirely eliminate the ability of
the soil to prevent germination of spores indicated that a chemical capable of persisting in the soil might be the toxic factor. To learn
whether a chemical could be implicated, water extracts of soil were
sterilized by filtering through a Seitz filter and then spores of H. sativum, F. graminearum, and F. moniliformae Sheld. were tested for
germination in 3 different experiments. Filtration entirely removed the
inhibitors of germination. It is possible that the procedure used diluted
the chemical enough so that the fungi were not affected by it.
In addition to the work just described, 12 other experiments were
made to study the effect on spore germination. of sterilizing and of
adding sucrose to soil. In the various experiments, different soils
were used. They were sterilized with Dowfume MC2 or by autoclaving. When the soil sample was brought up to the desired water holding capacity a sterile 2 % solution of sucrose was used instead of
water, but in some experiments the sugar was incorporated into the
agar from which disks were cut. In general, data from the different
experiments indicated the same effects and so information from only
one experiment is presented (Table 3).
_ With each of the fungi, the addition of sucrose to non-autoclaved
soil increased germination about 2 times; autoclaving alone increased
germination 2 to 6 times. Addition of sucrose to autoclaved soil increased the germination only slightly above that on autoclaved soil
without sucrose. None of the treatments, however, eliminated· all
171
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TABLE

3. Germination of fungus spores on water agar in contact with soil to
which different treatments were applied.

Fungus

Sucrose Added
to soilh

Fusarium graminearum

+

Helminthosporium sativum

+

Chaetomium sp.

+

Diplodia maydis

-j-

Percentage Germination a
Soi\c
Soil Not
Autoclaved
Autoclaved

94
62
65
70

58
62
66
62

85
36
34
16
23
11
44
29

Check

99
87

85
96

n Averages of 400 spores in 4 replicates.
h Two per cent solution poured on soil.
c Autoclaved 1 hour at 15 psi on 2 different days.

inhibitors from the soil because germination in the check treatment
was the greatest.
Studies on the nature of inhibition of spore germination by soil.
The preceding experiments indicate that substances in soil prevent
spore germination. None of the work done, however, indicates
whether the action of the soil is fungistatic or fungicidal. Some experiments were thus made to determine which mode of action might be
involved.
The first experiment involved 6400 spores of H. sativum in 8 replicates and was designed to test the effect of diluting the toxic materials
out of agar disks. Water agar disks were placed in contact with soil
from Crookston, Minnesota, and after 4 to 6 hours they were seeded
with spores. They were kept at room temperature and after 80 hours
4% of the spores germinated. The disks were then transferred to
sterile filter paper saturated with sterile water and 20 to 57% (the
percentage depending on the experiment) of the spores germinated
within 40 hours and even more did so after 70 hours. But even after
70 hours on the filter paper, germination was still 30% lower than
that in the checks where an average of 89% of the spores germinated.
The germtubes which formed after the spores were removed from the
influence of the soil were short and gnarled, and in general, appeared
to be unhealthy. Thus it appeared that the soil is also fungicidal and
not just fungistatic.
In other experiments growth of germtubes was observed when
germinated spores were transferred to agar in contact with soil. The
work was done with H. sativum on soil from Crookston. The spores
were germinated on sterile water agar and while the germtubes were
still shorter than the length of the spores, the spores were transferred
to water agar disks that had been in contact with the soil 6 hours:
The lengh of the germtubes was measured immediately after the
spores were placed on agar in contact with soil and again 16 hours
later. Checks were set up in an identical manner except that the
172
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germinated spores were transferred to agar disks in contact with
sterile filter paper saturated with water instead of soil.
Only 1 germtube of 26 grew when placed on agar in contact with
the soil. It was also observed on some disks kept longer than usual
that many of the germtubes lysed within 6 days of being placed on
agar in contact with soil. Ten of 23 germtubes on agar in contact
with filter paper grew normally. These data also suggest that the soil
is fungicidal and not just fungistatic.
SUMMARY: Seven different Minnesota soils prevented germination of
the spores of 6 fungi though some soils were more inhibitory than
others. The toxic effects of the soil could be partially overcome by
steam sterilization, chemical fumigation, or addition of sucrose to the
soil. In none of the treatments was germination or germtube growth
as good as in the check treatments. Spores of F. graminearum germinated better than did spores of H. sativum, Chaetomium sp., D. maydis (Berk.) Sacc., Alternaria sp., and P. graminis var. avenae when
on agar in contact with soil.
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